Abstract: Among the factors that may influence fruit and vegetable intake, there is a food neophobia level, but the other elements, including physical activity and place of residence, must also be taken into account as interfering ones. The aim of the study was to analyze the association between food neophobia level and the intake of fruits and vegetables in a nationwide case-control study of Polish adolescents (12-13 years), including the influence of gender, the physical activity program participation and the place of residence. The #goathletics Study was conducted among a group of 1014 adolescents, 507 individuals representative for a nationwide physical activity program "Athletics for All" participants (characterized by an active lifestyle) and 507 pair-matched individuals (characterized by sedentary behavior), while 502 were representative for urban and 512 for suburban area. The assessment of food neophobia level was based on the Food Neophobia Scale questionnaire and the assessment of fruit and vegetable intake was based on the validated food frequency questionnaire. It was observed that higher food neophobia level is associated with a lower fruit and vegetable intake, that was stated both for girls and boys, as well as both for individuals characterized by an active lifestyle and those characterized by sedentary behavior, both from urban and suburban area. Food neophobic individuals characterized by an active lifestyle and those from urban areas were characterized by a higher fruit intake than individuals characterized by sedentary behavior and those from suburban areas, from the same food neophobia category. It was found that food neophobia may reduce fruit and vegetable intake, but the physical activity education with peers may reduce the observed influence and should be applied especially in the case of neophobic individuals from suburban areas.
Introduction
The important health-related behavior that may improve general metabolic health is fruit and vegetable intake. In a number of meta-analyses, it has been observed that fruit and vegetable intake is of the Faculty of Human Nutrition and Consumer Sciences of the Warsaw University of Life Sciences (SGGW-WULS) in Warsaw, Poland (No. 16/2017; 19 .06.2017).
Study Participants
The study was conducted with two groups of adolescents-a group of individuals participating in a nationwide physical activity program Athletics for All, Lekkoatletyka Dla Każdego (LDK) (individuals characterized by an active lifestyle) and a control group of individuals (characterized by sedentary behavior, not participating in additional sporting activity program after their classes). The LDK program (http://www.lekkoatletykadlakazdego.pl/), which has been conducted in Poland since 2014, is a free-of-charge program for primary school children and adolescents, organized by the Polish Athletic Association and supported by the Ministry of Sport and Tourism and Nestlé Polska S.A. It includes physical activity education and regular athletic training (3 h a week), as well as additional nutritional education. The #goathletics Study was planned to assess the results of the LDK program and to analyze the physical performance, body composition and diet in a group of LDK program participants in comparison with individuals characterized by sedentary behavior.
The study groups were recruited from the category of adolescents aged 12-13 years from all regions of Poland (central, north, north-west, south-west, south, east), while a geographical breakdown was based on Polish statistical data. Both boys and girls were included; however, there was a larger proportion of girls, which was in accordance with the higher number of girls in the LDK program.
The first stage was a purposive sampling of schools and the second stage was a random selection of participants of the study from the chosen schools. The schools in which the LDK program is conducted, and the pair-matched schools in which the LDK program is not conducted (from the same cities) were chosen and the sampling was conducted in such a way as to obtain the assumed geographical breakdown and an equal share of schools from big cities and small towns.
The inclusion criteria for the group characterized by an active lifestyle were as follows:
adolescents aged 12-13, -participating regularly in the LDK program training sessions for at least 1 year, -not participating in any other physical activity education or nutritional education program, -written consent agreement of adolescents for participation, -written consent agreement of the parent/ legal guardian for the participation of their children.
The inclusion criteria for the group characterized by sedentary behavior were as follows:
adolescents aged 12-13, - participating in the LDK program neither currently, nor in the past, -not participating in any other physical activity education or nutritional education program, -written consent agreement of adolescents for participation, -written consent agreement of the parent/ legal guardian for the participation of their children.
The exclusion criteria for both groups were as follows:
missing data in the completed questionnaires, -diagnosed disabilities in cognitive or motor functions, -pacemakers and other stimulators, -diagnosed epilepsy.
The pair-matching of the individuals characterized by sedentary behavior and individuals characterized by an active lifestyle was applied. This included the city of residence, age and gender. As a first stage of the recruitment procedure, individuals characterized by an active lifestyle were randomly recruited from the group of adolescents participating in the LDK program in a specific school. As a second stage of the recruitment procedure, the pair-matched individuals for each individual characterized by an active lifestyle were identified. As a third stage of the recruitment procedure, from the selected pair-matched individuals, for each individual characterized by an active lifestyle, a control individual characterized by sedentary behavior was randomly chosen, while 502 were representative for urban and 512-for suburban areas. The number of participants in the study from each region is presented in Figure 1 .
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Study Design
The #goathletics Study included an analysis of the physical performance, body composition and diet for a group of LDK program participants in comparison with the group characterized by sedentary behavior. The additional elements included the assessment of the interfering factors influencing the observed associations. Food neophobia was indicated as one of the potential interfering factors; this was based on a previous Polish study conducted in Warsaw [21] .
The aim of the present analysis was to assess the relationship between the food neophobia level and the intake of fruits and vegetables in the case of boys and girls participating in the LDK program and in the case of the group of boys and girls characterized by sedentary behavior.
Assessment of the Food Neophobia Level
The assessment of the food neophobia level was based on the Food Neophobia Scale (FNS) questionnaire by Pliner and Hobden [22] , currently the most widely used instrument to assess food neophobia [9] . Each participant was asked to rate his/her level of agreement with each of the ten sentences, using one of the seven categories of answer (a scale from strongly disagree to strongly agree). For the five "negative item" questions, the scale was reversed during the analysis of data, as is commonly conducted [21, 23] . In the present group, Cronbach's alpha was at a respectable level (0.77; n = 1014), which indicated good internal consistency [24] . 
Study Design
Assessment of the Food Neophobia Level
The assessment of the food neophobia level was based on the Food Neophobia Scale (FNS) questionnaire by Pliner and Hobden [22] , currently the most widely used instrument to assess food neophobia [9] . Each participant was asked to rate his/her level of agreement with each of the ten sentences, using one of the seven categories of answer (a scale from strongly disagree to strongly agree). For the five "negative item" questions, the scale was reversed during the analysis of data, as is commonly conducted [21, 23] . In the present group, Cronbach's alpha was at a respectable level (0.77; n = 1014), which indicated good internal consistency [24] .
The calculated food neophobia level ranged from 10 to 70 and for each respondent was attributed to one of the three food neophobia level categories: neophilic (10-30 points), neutral (30-50 points), and neophobic (50-70 points). For neophilic and neophobic individuals, sub-categories were also indicated and, as a result, 5 categories were formulated: neophilic (10-20 points), neophilic tendency (20-30 points), neutral (30-50 points), neophobic tendency (50-60 points) and neophobic individuals (60-70 points). The calculated food neophobia level (number of obtained points) was also analyzed.
Assessment of the Fruit and Vegetable Intake
To assess the intake of fruits and vegetables, the food frequency questionnaire was applied. This semi-quantified questionnaire was developed for the children and adolescents aged 9-16 and was positively validated using a methodology described previously [25] , in a group of 172 children and adolescents. It consisted of 31 questions about the typical intake of food product groups. It had also been employed in our previous study [21] for the assessment of the fruit and vegetable intake in a group of children and adolescents aged 10-12. In the questionnaire, there were questions about the most important food product groups, while all vegetables were combined as a separate group and all the fruits were also combined as a separate group. Potatoes were categorized as a separate group to avoid misinterpreting them as vegetables.
For each product item, the typical number of servings consumed per day or week or month (depending on the product) was specified, while a fixed serving size was described for each product. The number of servings was to be expressed in integers and decimal parts. For both fruits and vegetables, the typical serving size indicated in the questionnaire was 100 g (described in the questionnaire also using typical household measures) and respondents were to specify the number of servings consumed per day.
During the analysis of the data, the declared numbers of servings per day were multiplied by 100 g to obtain the typical intake of fruits/vegetables per day. Fruit and vegetable juices were assessed, but they were not included in the analysis, as a previous study had revealed that the intake of juices is not associated with food neophobia level [21] .
Statistical Analysis
The obtained data for fruit and vegetable intake are presented as means ± standard deviation (SD), as well as median, minimum and maximum values. The Shapiro-Wilk test was used to verify the normality of distribution. Cronbach's alpha coefficient was applied to test the internal reliability of the FNS for analyzed group. The U Mann-Whitney test and the Kruskal-Wallis analysis of variance (ANOVA) test were used to identify the differences between groups due to the non-parametric distributions. The Pearson correlation coefficient (parametric distribution) and Spearman's rank correlation coefficient (nonparametric distribution) were used to verify the significance of correlations.
The p ≤ 0.05 was accepted as a level of significance and p ≤ 0.1 as a tendency. Statistical analysis was performed using Statistics software version 8.0 (StatSoft Inc., Tulsa, OK, USA).
Results
The assessment of vegetable intake for the analyzed groups of boys in various food neophobia categories is presented in Table 1 . No differences were observed in vegetable intake between the groups of boys characterized by an active lifestyle and those characterized by sedentary behavior, as well as between the groups of boys from urban and those from suburban area. A significant influence of the food neophobia level in all the groups was noted, as a higher food neophobia level was associated with a lower vegetable intake.
The assessment of vegetable intake for the analyzed groups of girls in various food neophobia categories is presented in Table 2 . No differences were observed in vegetable intake between the groups of girls characterized by an active lifestyle and those characterized by sedentary behavior, as well as between the groups of girls from urban and those from suburban area. A significant influence of the food neophobia level in all the groups was noted, as a higher food neophobia level was associated with a lower vegetable intake.
The assessment of fruit intake for the analyzed groups of boys in various food neophobia categories is presented in Table 3 . No differences were observed in fruit intake between the groups of boys characterized by an active lifestyle and those characterized by sedentary behavior for the majority of the food neophobia categories. Neophobic boys characterized by an active lifestyle were characterized by higher fruit intake, than those characterized by sedentary behavior, while neophobic tendency boys from urban area were characterized by higher fruit intake, than those from suburban area. At the same time, the significant influence of the food neophobia level in all the groups was noted, as a higher food neophobia level was associated with a lower fruit intake.
The assessment of fruit intake for the analyzed groups of girls in various food neophobia categories is presented in Table 4 . No differences were observed in fruit intake between the groups of girls characterized by an active lifestyle and those characterized by sedentary behavior for the majority of the food neophobia categories. Neophobic girls from urban area were characterized by higher fruit intake, than those from suburban area. At the same time, the significant influence of the food neophobia level was noted, as a higher food neophobia level was associated with a lower fruit intake, but not in the group of girls from urban area, as for them the fruit intake did not differ between food neophobia categories.
The analysis of correlations between calculated food neophobia levels and vegetable or fruit intake is presented in Table 5 . A negative correlation between the number of FNS points and vegetable or fruit intake was observed for all the groups, and this was stated both for boys and girls.
Discussion

Influence of Food Neophobia Level on Fruit and Vegetable Intake
Individuals characterized by a higher level of food neophobia are at the same time characterized by a lower willingness to try or eat food products, such as fruits and vegetables, that are unfamiliar compared to other products [26] , that may contribute to the lower general diet quality [27] . This may become a serious problem; one consequence is that food neophobia is associated with a lower quality of diet than in the case with neophilic individuals [28] .
Our previous study conducted in Warsaw, the capital of Poland, revealed in a group of children and adolescents, aged 10-12, a significant association between the neophobia level and vegetable intake, but not fruit intake [21] . In another Polish study conducted by Kozioł-Kozakowska et al. [28] , similar observations were noted in a different age group of preschool children. While comparing mentioned studies, it must be indicated, that for the food neophobia level, the age group may be an important factor, as food neophobic behaviors are reduced with age [29, 30] . Taking it into account, the study of Kozioł-Kozakowska et al. [28] must be considered as conducted in a group of children before the cognitive abilities development [31] , for whom the high food neophobia level may be typical [32] . At the same time, the previous own study [21] , as well as the present one must be considered as conducted in a group of children with developed food behaviors [33] and being in a critical period, as from the age of 13, food behaviors are commonly becoming stable and are transferred to adulthood [34] . Table 1 . Vegetable intake (g/day) for boys in Food Neophobia Scale categories-mean ± standard deviation (SD), as well as median, minimum, and maximum values are presented for food neophobia categories and compared between subgroups characterized by an active lifestyle (n = 210) and by sedentary behavior (n = 210), as well as from urban area (n = 210) and suburban area (n = 210). Table 2 . Vegetable intake (g/day) for girls in Food Neophobia Scale categories-mean ± SD, as well as median, minimum, and maximum values are presented for food neophobia categories and compared between subgroups characterized by an active lifestyle (n = 297) and by sedentary behavior (n = 297), as well as from urban area (n = 292) and suburban area (n = 302). Table 3 . Fruit intake (g/day) for boys in Food Neophobia Scale categories-mean ± SD, as well as median, minimum, and maximum values are presented for food neophobia categories and compared between subgroups characterized by an active lifestyle (n = 210) and by sedentary behavior (n = 210), as well as from urban area (n = 210) and suburban area (n = 210). Table 4 . Fruit intake (g/day) for girls in Food Neophobia Scale categories-mean ± SD, as well as median, minimum, and maximum values are presented for food neophobia categories and compared between subgroups characterized by an active lifestyle (n = 297) and by sedentary behavior (n = 297), as well as from urban area (n = 292) and suburban area (n = 302). Table 5 . Analysis of correlations between calculated food neophobia levels and vegetable or fruit intake (n = 1014). 
Food Neophobia Category
Analysed Group Boys Girls
Vegetables
Influence of Place of Residence on Association Between Food Neophobia Level and Fruit and Vegetable Intake
When compared with the results of our previous study [21] , it must be emphasized that conducting a study in Warsaw, the capital of Poland, may have influenced the observed results. The present study, conducted with adolescents aged 12-13, from all regions of Poland, with an equal number of adolescents from big cities and small towns, revealed, for a total group, associations for both fruits and vegetables.
The observed differences between the previous study [21] and the present one may have resulted from the different studied populations, as the present study was conducted in a nationwide cohort. The influence of the food neophobia level on fruit and vegetable intake differed between big cities and small towns. In the present study, for the group of girls from urban area, the influence on fruit was not observed, similarly, as was not observed in the previously published study, conducted for the urban area of Warsaw [21] .
As it was stated, neophobic adolescents, especially girls, living in big cities may be characterized by a similar fruit intake as neophilic ones, while in small towns they may be characterized by a lower fruit intake. This may be explained as a result of the higher level of access of urban area inhabitants to a variety of food products, which represents exposure to various food product stimuli that may as a consequence reduce the food neophobia level [35] . In the study of Bäckström et al. [36] , conducted with a group of adolescents and adults, rural inhabitants were more resistant and suspicious of new types of food products and instead they adhered to natural food, but in general they did not regard eating as a pleasure.
The new observation from the conducted study is associated with the fact that the correlation observed in the previous study with the urban population [21] was different than that in the present study for a mixed urban-rural population. The difference in the food neophobia level did not result in reduced fruit intake in neophobic female participants in the cities, as was stated in the previous study for the urban population [21] . This may have resulted from the increased possibilities to try various types of fruits, even exotic ones, in the case of the inhabitants of the cities. In the case of the inhabitants of the small towns, due to the lower choice of products, only local products may be consumed.
The indicated results correspond with the general influence of the place of residence on the food neophobia level. In the study of Flight et al. [20] , conducted with groups of Australian city students and rural students, the level of food neophobia of students living in rural areas was higher than that of students living in urban areas. This was associated with the fact that city students were also significantly more familiar with various food products and more willing to try unfamiliar products, which resulted from their higher socio-economic status and higher exposure to cultural diversity [20] . Similar observations were indicated in the study of Muhammad et al. [37] as students from rural and semi-rural areas were more neophobic than students from urban ones. Also, in the study of Tuorila et al. [38] , conducted with a group of adolescents and adults, food neophobia was inversely associated with the degree of urbanization.
The differences in the food neophobia level between countries must also be noted, as it is well-known that the proportion of neophobic individuals differs between countries. In the study of Ritchey et al. [39] , it was observed that individuals from the United States and Finland are characterized by a similar level of food neophobia, but they are more food neophobic than individuals from Sweden. Moreover, in the study of Chung et al. [40] , Koreans were characterized by a significantly higher level of food neophobia than individuals from the United States. The observed differences between countries are explained by the association with specific eating habits. Moreover, they may be influenced by the immigration rate, as immigrants try to integrate their eating habits with the host culture or they have bicultural eating habits [41] . As a result, such an attitude also influences the host inhabitants, who are exposed to new food products and dishes associated with immigrant cultures. This may reduce the food neophobia level and increase the willingness to try new products in big cities, as a higher immigration rate is observed in the case of urban areas.
Influence of Physical Activity With Peers on Association Between Food Neophobia Level and Fruit and Vegetable Intake
In the conducted study, in a group of physically active adolescents, in fact, two factors combined were introduced-the influence of peers and a physical activity itself. Those individuals characterized by an active lifestyle were from the LDK educational program. It included a physical activity education program accompanied by regular athletic training (3 h a week), as well as additional nutritional educational. The nutritional education was not aimed at fruit and vegetable intake, but at general eating habits for training adolescents, so a higher fruit intake was not especially expected in the case of individuals characterized by an active lifestyle. This is associated with the general lack of influence of nutritional education on fruit intake [42] , and that even when it is combined with sensory education, it influences the awareness of the sensory aspects of food, but not the food product preferences; this was observed in the review of DeCosta et al. [13] . However, the observed higher intake of fruits may not result from the knowledge that individuals characterized by an active lifestyle obtain during education, but from other factors, such as socialization with peers during trainings, or modeling their eating habits based on the nutritional behaviors of others.
The social environment inhabited by children and adolescents, which includes their parents, teachers and peers, may influence their eating behavior and remodel it, in both a positive and a negative way, while the food neophobia level may also be reduced by a process of behavior modeling [13] . To be accepted by their peers, adolescents may change their nutritional behaviors and even their nutritional beliefs, to conform with the characteristics of the rest of the group [43] . This is observed especially in the case of adolescents, as parental influence is weaker than in the case of children, and peer influence becomes more important [44] . Similar observations have been reported for the level of physical activity, as the intensity of training increases when the training is accompanied by a peer [45] , or a group of peers [46] , and peer pressure also increases the level of physical activity of adolescents [47] .
Most especially in the case of vegetable intake, the influence of peers was proven by Birch [12] , as he stated that preschool children, while accompanied by their peers, tend not only to choose non-preferred products if their peers did so, but also to change their food product preferences. The mechanism documented by Birch [12] may mean, that children participating in LDK program (taking part in regular training sessions with their peers and socializing with them) may as a result be characterized by a higher fruit intake than other groups. This corresponds with the observations of Park and Cho [48] , as they indicated that the taste education of children aged 7-9 reduces the food neophobia level and increases their willingness to try new food products. Also, Shepard & Dennison [49] indicated that, in the case of adolescents, the influence of peers may be a positive influencing factor that may induce them to increase their fruit and vegetable intake.
Except for the influence of peers, the physical activity itself may influence the food neophobia level, or influence the food product intake, in spite of a food neophobia level (that was observed in the conducted study, as neophobic individuals, in spite of their specified food neophobia, did not reduce fruit intake). Two various mechanisms of the indicated influence may be defined. The first mechanism may be associated with the fact, that spending time on physical activity causes, that adolescents do not have enough time for alternative activities, that in the case of adolescents characterized by sedentary behavior, are often associated with fast food consumption [50] . As a result, the health-promoting choices, that may be offered at home or at school, may be for them easier to obtain and may be more accepted, as indicated by others as promoting better sport results [19] .
The second mechanism may be associated with the physiological explanation of action of human brain opioid reward system being associated with the physical activity and sport successes [51] . While the system is being satisfied by the sport, that is practiced, the need to satisfy it by the other stimuli may be decreased, so the need to eat sweets is lower, as it is not needed to improve well-being and relieve stresses [52] .
Summary
The results observed in a nationwide cohort of Polish adolescents were especially important, as they indicated the association between food neophobia level and fruit intake in this mixed population and the difference between urban and suburban ones. However, it must also be emphasized that rates of urbanization are increasing globally, so the lack of association in the case of fruit intake and urban female teenager population is also important.
Simultaneously, the results obtained in this nationwide cohort of Polish adolescents enables the highlighting of some differences in fruit intake between adolescents characterized by an active lifestyle and those with sedentary behavior. As a higher intake was stated for individuals characterized by an active lifestyle, the results may indicate a possible way to increase fruit intake through collective physical activity, even if fruit intake education is not conducted.
However, the results of the present analysis lead to the conclusion that further studies into the possibility of reducing food neophobia level through sensory education and socializing are needed. The presented associations allow one to suppose that socializing with peers during sports sessions and eating together may be an activity that encourages people to increase their fruit and vegetable intake, independently of the food neophobia level, and this may be needed to achieve with suburban population. Giving the fact that increasing the fruit and vegetable intake is, for the future health of adolescents, more important than reducing the food neophobia level, sports training programs may be a way to improve not only physical fitness levels, but also fruit and vegetable intake.
Independently of the obtained results, the possible limitations of the study must also be noted. The main limitation is associated with the applied definition of food neophobia level elaborated by Pliner and Hobden [22] and the applied categories of the food neophobia level. As it is uncertain that the definition is applicable to global populations, and there are also other definitions and ways to assess the food neophobia level [9] and novel approaches appear [53] , further studies are needed, including alternative ways to assess food neophobia. Moreover, a study should also be conducted on more homogenic groups of individuals, characterized by similar food product availability, culture and family income level.
Conclusions
In the nationwide cohort of Polish adolescents, aged 12-13, associations were observed between food neophobia level and fruit and vegetable intake, both in groups characterized by an active lifestyle and by sedentary behavior. The association between food neophobia level and fruit intake may be dependent on the place of residence and it may be not observed for fruit intake in urban girl population.
Socializing with peers during athletics training, may increase fruit intake, independently of the food neophobia level. 
